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The life cycle of reef manta rays is generally divided into three life stages: yearlings, non-115 reproducing juveniles and reproducing adults ( Fig. 1) (Marshall et al., 2011a; Kashiwagi, 2014) . 116 Male manta rays reach maturity after six years and females are thought to mature at 8-10 years 117 of age; longevity is estimated to be at least 40 years (Marshall et al., 2011a) . On average, adult 118 females produce one pup every two years, but fertility rates can range from one pup every 1-5 119 years (Marshall et al., 2011a) . Reef manta ray life history data are being collected from different 120 populations, including ones off the coast of Mozambique and off the coast of Yaeyama Islands, 121 Japan (Table 1) . These latter two populations differ remarkably in estimated annual survival rates 122 and population growth rates: the population off the coast of Japan is stable and juveniles and 123 adults display high survival rates (0.95 per year) (Kashiwagi, 2014) , whereas the population off 124 the coast of Mozambique is declining and the survival rate of adults is estimated to be as low as 125 0.68  0.147 SE (standard error) per year (Marshall, Dudgeon, & Bennett, 2011b) (Table 1) . 126 Here we used the life history data of these two populations to serve as reference points for our 127 demographic analyses. 154 As is common practice (Caswell, 2001) (Caswell, 2011) . The elasticities sum to 1 and give the 186 proportional contributions of the matrix elements to the population growth rate . Therefore, the 187 higher an elasticity value is relative to other elasticity values, the greater is the effect of the 188 associated demographic rate on the population growth rate. 
215
217 Overall, predictions from our population projection model matched empirical observations well.
218 Firstly, predicted values for the population growth rate  ranged from 0.64 to 1.13, depending on 219 the values of yearling, juvenile and adult survival rate ( Fig. 2 ; Table 2 ). This range includes the 220 range of observed population growth rate values, but also slightly exceeds the range of observed 221 values (Table 2 ). The latter is likely due to the fact that we also explored the population 222 consequences of annual survival rates of yearlings, juveniles and adults that are lower and higher 223 than observed survival rates ( (Table 2) .
226 Again, this is likely due to the fact that we explored the population consequences of 227 unrealistically high annual survival rates of yearlings, juveniles and adults, close to unity ( Fig. 2A to Fig. 2D ), the region of yearling survival rate ( Y ) values 259 for which  is most sensitive to P A decreases whereas, at the same time, the region of yearling 260 survival rate values for which  is most sensitive to P J , increases. These shifts also highlight the 261 fact that the elasticity results are independent of juvenile annual survival rate ( J ); instead, 262 whether or not  is most sensitive to perturbation of P J or P A depended critically on the values of 263  Y and  A (Fig. 2) . (Fig. 4) . Overall, 281 cohort generation time increased with increasing values of adult annual survival rate ( A ) ( Fig.   282 4) .
283
Fifthly and finally, we used the predicted population growth rates (Fig. 2) to project a 285 consequences of variation in yearling, juvenile and adult survival rate. The combinations of 286 yearling, juvenile and adult survival rate values at which populations are stable and the projected 287 population size remains 500 individuals after ten years (indicated by the green lines in Fig. 5 ) are 288 the same as those observed in our analyses of population growth rate (Fig. 2 ) and lifetime 289 reproductive success (Fig. 3) 342 In case of population growth rate, changes in these two survival rates had additive effects on the 343 population growth rate, but interactive (multiplicative) effects on mean lifetime reproductive 344 success, whereas cohort generation time was unaffected by variation in juvenile annual survival 345 rate. Also, the effect of an increase in juvenile annual survival rate was of a far greater 346 magnitude on mean lifetime reproductive success and population growth rate than the effect that 347 the same increase in yearling annual survival rate had on these population descriptors. All in all, 348 this means that effects of variation in yearling and juvenile survival rates on population growth 349 rate, mean lifetime reproductive success and cohort generation time are not necessarily 350 straightforward. To obtain accurate insight into the dynamics of reef manta ray populations, our 351 results therefore emphasize the importance of obtaining accurate estimates of yearling and 352 juvenile survival rates from natural populations.
353
One way of gaining general insight into the population consequences of differences in 354 demographic rates is by using the population model to project a population forward in time and
355 examine its future size relative to its original size. We did so for a period of ten years for all (Benton & Grant, 1999; Carslake, Townley & Hodgson, 2009 
397
The demographic rates that comprise our population matrix are determined by the 398 underlying parameters  i (survival rate) and  i (stage-specific transition rate). However, because (1) R 0 was calculated by taking the exponent of T c  log() (Caswell 2001) 547 a population size of 149 individuals, which is equal to the lowest observed population size of 548 reef manta rays off the coast of Mozambique (Marshall, Dudgeon, & Bennett, 2011b) .
